ABSTRACT Of 466 fetuses who underwent cardiac ultrasound examination with cross-sectional and M mode echocardiography and pulsed Doppler ultrasound and in whom we were able to follow the natural history, 12 were found to have atrioventricular valve insufficiency and nonimmune hydrops. Eleven fetuses (all of whom had structural heart disease) died either in utero or during the early postnatal period. In the one surviving hydropic fetus with supraventricular tachyarrhythmia and atrioventricular valve regurgitation but without structural heart disease, all the abnormalities disappeared on treatment with digoxin and verapamil. Seven fetuses who had atrioventricular valve insufficiency but did not develop nonimmune hydrops all survived pregnancy and the early neonatal period. The syndrome of atrioventricular valve insufficiency, nonimmune hydrops, and structural heart disease has a poor prognosis. The hydrops in this instance reflects fetal cardiac failure related to venous hypertension and low colloid oncotic pressure. Circulation 72, No. 4, 825-832, 1985. ADVANCES in ultrasound technology have made it possible to examine human fetal cardiac development and function in utero'-13 and have even permitted the study of early embryogenesis in experimental animals. 14 Structural and functional heart disease in utero has been examined by a number of investigators applying M mode and cross-sectional echocardiographic imaging techniques to the examination of the human fetus during the second and third trimesters of pregnanCy. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] This information has been used to counsel prospective parents and, in several instances, to formulate management for the remainder of pregnancy, during delivery, and in the neonatal period. '5-23 Recently scending aortic and/or umbilical blood flow by measuring mean flow velocity and cross-sectional vessel area.11 12. 2t28 This method has also been used to provide qualitative information about intracardiac blood flow. '' 12. 24. 25, 28 We used the combination of cross-sectional echocardiography and pulsed Doppler ultrasound to evaluate 466 fetuses referred to our centers for evaluation of the presence of congenital heart disease. We detected atrioventricular valve insufficiency in 23 of these 466 fetuses in the second and third trimesters of pregnancy. Of these fetuses, 16 had associated nonimmune hydrops. Four of the pregnancies were terminated. Eleven of the 12 fetuses with structural heart disease either died in utero or within the first week after birth. Seven fetuses with atrioventricular valve insufficiency and structural heart disease but without nonimmune hydrops survived pregnancy and the neonatal period.
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Methods
Four hundred sixty-six fetuses, ranging from 16 to 40 weeks gestational age, whose mothers had been referred to the fetal echocardiographic laboratories of the University of California San Francisco Medical Center or the Yale University School of Medicine underwent cross-sectional and M mode echocardiographic studies as described in previous reports, with either Advanced Technologies Laboratories MK-500 or MK-600 ultrasonographs.4 7 10, 15 29 The two-dimensional equipment was interfaced with 3.5 or 5 MHz transducers. Range-gated pulsed Doppler examination was guided from the cross-sectional image where the Doppler carrier frequency was 3.0 or 5 MHz. The sample volume was always kept to minimum size, 1.5 mm in axial direction, and could be placed at any position within the 90 degree sector arc up to a depth of 16 cm. The direction of flow was depicted on the videomonitor as a "positive" deflection when flow was toward the transducer, whereas flow away from the transducer face was depicted as a "negative" deflection with respect to the baseline. The Doppler frequency shift was analyzed by fast Fourier transform algorithm with the intensities of the spectral frequencies depicted in shades of gray. Doppler interrogation was usually performed at 5 to 14 cm distance from the transducer. Atrioventricular valve insufficiency was recognized by the audio output and from the characteristics of the spectral output with reference to the systolic portion of the visible atrioventricular valve motion on the simultaneous M mode display. In the normal heart this period was quiet in systole but showed either disturbed flow consistent with the direction of tricuspid insufficiency or marked systolic aliasing (figure 1). The type of signal displayed depended to some extent on the distance from the transducer. We attempted to obtain flow signals by placing the sample volume as parallel as possible to the direction of blood flow.
In all 466 fetuses we examined, atria, ventricles, and great arteries and veins were defined in each study. Characteristic flow signals were defined in each location.26 Doppler, M mode signals, and cross-sectional images were recorded on videotape. The Doppler signals were also recorded on paper at speeds of 75 mm/sec for a permanent record with a Tektronix page printer.
Tricuspid or atrioventricular valve insufficiency was assessed as mild, moderate, or marked based on multiple serial positioning of the sample volume in the atria to define how localized the regurgitant jet was and how far from the valve this jet could be recorded.
Results
Among the 466 fetuses we studied, using a combined two-dimensional echocardiographic/Doppler approach, we found 16 fetuses with a combination of atrioventricular valve insufficiency and nonimmune hydrops. Four pregnancies were terminated and therefore excluded from this report. This figure 3 ). Labor was induced and delivery was uneventful. Neonatal ultrasound examination confirmed the prenatal diagnosis of atrioventricular valve insufficiency. The blood pressure was low and could not be maintained despite infusion of isoproterenol and dopamine. The infant died 32 hr after birth and autopsy confirmed the findings. The next case involved a 23 week monoamniotic twin pregnancy. Nonimmune hydrops was noted during an obstetric ultrasound examination and the patient was referred for cardiac ultrasound study, which showed the presence of pulmonary atresia. The right ventricle and right atrium appeared enlarged in the four-chamber view (figure 4). Doppler insonation of the main pulmonary artery showed no forward flow into the pulmonary artery. There was no observable pulmonary valve motion. Pulsed Doppler insonation of the right atrium showed marked tricuspid insufficiency ( figure 1, right) . The other twin was morphologically normal. The pregnancy terminated spontaneously 4 weeks later. Both fetuses were stillborn and severely macerated. Postmortem examination was refused. Hydrops fetalis was present in all 12 fetuses who demonstrated atrioventricular valve regurgitation. The 11 fetuses with structural heart disease died in utero or during the first few days of life.
We encountered an additional seven fetuses who had atrioventricular valve insufficiency without nonimmune hydrops. The prognosis appears somewhat better than that of the group in whom there was atrioventricular valve insufficiency and nonimmune hydrops (table 2) . Although the prognosis of nonimmune hydrops in general is poor, 82% mortality,50 our series suggests that nonimmune hydrops associated with atrioventricular valve insufficiency makes the prognosis even poorer. 829 pressure. Several studies in fetal lambs have shown that the ventricular output is near the peak at ventricular end-diastolic pressures that are present in the normal resting state; any further increase in preload has a limited effect on stroke volume.3'-" This could be the result of either myocardial immaturity with limited inotropic reserves or reduced compliance of the fetal ventricles.34 Because the foramen ovale provides a large communication between the left atrium and systemic veins, the volume loading causes systemic venous hypertension regardless of whether there is insufficiency of a mitral, a tricuspid, or a common atrioventricular valve.
The elevated systemic venous hypertension coupled with low colloid osmotic pressure during fetal life It has been assumed that hydrops is the result of fetal systemic venous hypertension. The response of the fetal circulation to obstructive lesions such as hypoplastic left heart syndrome with aortic atresia or pulmonary atresia is to redistribute flow, thereby bypassing the obstruction. Thus cardiac failure and fetal hydrops appear to be uncommon findings in the presence of valvular stenotic lesions at birth. However, atrioventricular valve insufficiency is associated with a mandatory increased volume load on the heart. The fetal heart has only a limited ability to increase its output in response to an increase in ventricular filling ficiency was noted before hydrops was observed. The increasing severity of the hemodynamic disturbance could well be related to increase in heart size with increasing valvular insufficiency occurring in association with increased size of the valve anulus caused by growth and dilatation.
A relatively small subgroup of patients with congenital heart disease develop hydrops fetalis (i.e., absent pulmonary valve syndrome, Ebstein's malformation of the tricuspid valve, as well as atrial isomerism with atrioventricular canal defects) largely secondary to atrioventricular or semilunar valve insufficiency rather than systolic pump failure.
The findings in our patients suggest that early identification of atrioventricular valve regurgitation in utero may, in selected cases, identify the fetus with structural or functional cardiac impairment who may be at risk for the development of hydrops fetalis. In such cases, prompt transplacental medication or early delivery may be considered.
The detection of atrioventricular valve insufficiency may be used to direct efforts at in utero therapy of arrhythmias and may be used to formulate plans for delivery of the affected fetus and, in the future, may be useful for identifying fetuses who may be candidates for cardiac surgery in utero. The detection of tricuspid insufficiency in aortic atresia, which occurred in one fetus in this series, may suggest that palliative surgery would not make these infants appropriate candidates for a subsequent Fontan operation. 35 Although it is possible to criticize this study on the basis of not assessing interobserver and intraobserver error, we kept the exposure of the fetuses to ultrasound to a minimum in accordance with recent recommendations. 36 These studies suggest that the detection of atrioventricular valve insufficiency provides practical information of value for managing the high-risk pregnancy. The combined ultrasound technique augments our understanding of the pathophysiologic nature of the human fetus affected with congenital heart disease.
